Context. The formation of dust gaps in protoplanetary disks is one of the most important signposts of disk evolution and possibly the formation of planets. Aims. We aim to characterize the 'flaring' disk structure around the Herbig Ae/Be stars HD 100453 and HD 34282. Their spectral energy distributions (SEDs) show an emission excess between 15 − 40 µm, but very weak (HD 100453) and no (HD 34282) signs of the 10 and 20 µm amorphous silicate features. We investigate whether this implies the presence of large dust gaps. Methods. Spatially resolved mid-infrared Q-band images taken with Gemini North/MICHELLE are investigated. We perform radiative transfer modeling and examine the radial distribution of dust. We simultaneously fit the Q-band images and SEDs of HD 100453 and HD 34282. Results. Our solutions require that the inner-halos and outer-disks are likely separated by large dust gaps that are depleted with respect to the outer disk by a factor of 1000 or more. The inner edges of the outer disks of HD 100453 and HD 34282 have temperatures of ∼ 160 ± 10 K and ∼ 60 ± 5 K respectively. Because of the high surface brightnesses of these walls, they dominate the emission in the Q-band. Their radii are constrained at 20 +2 −2 AU and 92
Introduction
Transitional disks have dust depleted gaps and inner holes in their dust distribution and form a special class of protoplanetary disks (Williams & Cieza 2011) . The presence of dust gaps and inner dust holes may be indicators that planets are forming in the disks. To search for evidence of planet formation and characterize their physical and chemical conditions, the location and sizes of dust gaps in protoplanetary disks have to be investigated.
Transitional disks can be identified on the basis of their low near infrared excess (e.g. Calvet et al. 2005; Espaillat et al. 2007; Najita et al. 2007 ). Analysis of their spectral energy distribution (SED) may indicate that their inner regions are depleted of dust by several orders of magnitude (See Figure 6 , section 4 and Maaskant et al. 2013) . However, modeling the radial disk structure by fitting only the SED is highly degenerate. Dust imaging of a protoplanetary disks enables to study the spatial distribution of dust grains of different sizes in the disk. High spatial resolution observations of transitional disks reveal complex disk structures and can be used to study the interaction between dust gaps and proto-planets (e.g. van der Marel et al. 2013; Casassus et al. 2013; Quanz et al. 2013) . Characterizing the connection between the radial structure and the SED is thus important to gain insight in the role of planet formation in the evolution of protoplanetary disks.
Herbig Ae/Be stars are intermediate mass stars with circumstellar disks (e.g. Natta et al. 2007 ). The SEDs of Herbig Ae/Be stars fall apart into two groups (Meeus et al. 2001) . Group I, with strong excess at mid-to far-infrared wavelengths, and group II, without strong excess at mid-to far-infrared, but with a remarkable similarity in spectral shape. A first interpretation for the evolutionary link between these groups was proposed by Dullemond & Dominik (2004 . These authors suggested that grain growth and settling cause the mid-to far-infrared excess to decrease. It was proposed that in this scenario, the disk structure evolves from flaring (group I) to flat (group II). However, recent studies indicate that almost all group I objects have large dust gaps (Grady et al. 2005; Honda et al. 2012; Maaskant et al. 2013) . This implies that it is unlikely that group I sources with large dust gaps can evolve to group II disks, where no large dust gaps are found. To solve this issue, Maaskant et al. (2013) Maaskant et al. (2014) . There is a great similarity in the shape of the SEDs. The fluxes are scaled so that the objects are sorted by dust gap size, with the smallest dust gap radius on top and the largest dust gap radius on the bottom. The flux scaling factors for the objects from top to bottom are respectively 10, 5, 1, 0.03, 0.003, 0.003. gested that both groups evolve from a primordial continuous flaring disk, but may follow different pathways. The disks of group I objects are flaring/transitional due to the formation of large dust gaps. The disks of group II objects are self-shadowed because grain growth and vertical settling have flattened the outer disk. In addition to the geometrical classification, the flaring and flat disks with silicate features are respectively called group Ia and group IIa; those without silicate features are called group Ib and group IIb.
In this paper, we investigate spatially resolved direct imaging mid-infrared observations of two protoplanetary disks presented in Mariñas et al. (2011) . As these images are most sensitive to thermal emission of micron sized grains, they are suitable to study the radial density structure of transitional disks with large dust depleted gaps. To derive the properties of the disk, we perform a similar analysis of Q-band images as carried out in Maaskant et al. (2013) .
The content of this paper is outlined in the following way. In Section 2, we introduce the Herbig stars HD 100453 and HD 34282. In Section 3 we discuss the Q-band observations and photometric properties of our sample. Section 4 describes the radiative transfer code MCMax and the dust model. In section 5 we derive the properties of the disk structures and constrain the radii of the inner edges of the outer disks. The discussion and conclusions are given in Sections 6 and 7.
The sample
The Herbig Ae/Be objects HD 100453 and HD 34282 are studied in this paper. In this section, we present a brief summary. The SEDs of HD 100453 and HD 34282 are characterized by a strong excess of MIR emission at ∼ 15 − 40 µm (Figure 1 ). HD 100453 may show a very weak sign of amorphous silicate features (Figure 2) , while in HD 34282 they are totally absent. The spectra of HD 100453 and HD 34282 show PAH emission bands. Their I 6.2 /I 11.3 feature ratios are respectively 2.25 and 1.82 and relatively high, possibly indicating optically thin gas flows through the disk dust gaps (Maaskant et al. 2014 ).
HD 100453
HD 100453 is thought to be in transition between a gas rich protoplanetary disk and a gas poor debris disk (Collins et al. 2009 ). Observations of spatially resolved Q-band imaging (Mariñas et al. 2011) , the SED and the absence of the silicate feature are indications of a dust gap Maaskant et al. (2013) Fujiwara et al. (2013) , and the stellar properties of HD 34282 are taken from Merín et al. (2004) and van den Ancker et al. (1998) AU), and the connection of the companion with the disk structure is not well understood (Collins et al. 2009 ). In Collins et al. 2009 , the authors presented two non-detections. The first one is CO 4.97 µm ro-vibrational emission with Gemini/Pheonix (these transitions trace hot and warm gas), and the second one is CO 3-2 rotational emission with JCMT/HARP at 867 micron (this is a cold-gas tracer). In addition, Meeus et al. 2013 present the non detections of CO rotational emission in the spectral range of 50 to 210 micron (cold and warm gas). Following the discussion of the non detection of gas tracers in HD 100453, Carmona et al. 2008 report the non-detection of H 2 S(1) and S(2) rotational lines at 17 and 12 micron (this traces warm gas at a few hundred Kelvin). However some gas must be present in the disk as the [OI] 63 micron line is detected (Meeus et al. 2012; Fedele et al. 2013) . The stellar properties are taken from Meeus et al. (2001) , where the distance 114 +11 −9 pc is adopted based on Hipparcos measurements. et al. (2009) already suggested that the disk around HD 34282 has a large opacity dust gap based on the near IR excess and far IR color. Rotational J=3-2 CO emission (Greaves et al. 2000) , but no rovibrational CO emission (Carmona et al. 2005 ) was detected in this source, which is consistent with an evacuated inner disk but gas rich outer disk. Dent et al. (2005) also report the detection of 12 CO 3-2 emission in HD 34282. They constrain the inclination of HD 34282 to 50 ± 5 degrees. We adopt the stellar properties derived by Merín et al. (2004) putting this source at a distance of 348 +129 −77 pc.
HD 34282

Acke
Observations
We collect data of HD 100453 and HD 34282 which we use for the analysis of this paper. The SEDs and Q-band radial brightness profiles (RBPs) are shown in Figures 3 and 4 . In addition, we compare these two objects to other similar transitional disks of the sample of Herbig stars presented in Maaskant et al. (2013 Maaskant et al. ( , 2014 .
Data
HD 100453 and HD 34282 were observed as part of a larger high-resolution imaging survey of protoplantary disks around Herbig Ae/Be stars (Mariñas et al. 2011 ). Q-band images (18.1 µm, ∆λ = 1.1) were obtained using MICHELLE on the Gemini North telescope on February 2 nd , 2006 for HD100453 and December 4 th , 2003 for HD34282. The pixel scale of the observations was 0.089 . The standard chop-and-nod technique was used to remove thermal background from the sky and the telescope. A point-spread-function (PSF) star, selected from the Positions and Proper Motions (PPM) Catalogue, was observed before and after each science target observation to assess image quality. Mid-infrared standard stars Sirius and HD133774 were used for image calibration and airmass correction. All data was reduced using IDL (Interactive Data Language).
The observations of the disks around the Herbig stars HD 100453 and HD 34282 are resolved with respect to their point spread functions. For HD100453 the FWHM of the science observation is 0.58 ± 0.01 and the FWHM of the PSF is 0.53 ± 0.02. For HD34282 the FWHM of the science observation is 0.64 ± 0.03 and the FWHM of the PSF = 0.54 ± 0.01. The FWHM values are derived by fitting a Moffat function through the data, where the error is determined by the variability during the observation. For all observational details we refer to Mariñas et al. (2011) .
The MIR spectra of the disks are obtained by the Spitzer/IRS telescope and are adopted from Juhász et al. (2010) and Acke et al. (2010) . The photometric data is taken from the literature and shown in Tables 2 and 3. The central star is described by a Kurucz model with the stellar parameters presented in table 1. Figures 3 and 4 show the SEDs and RBPs. 
The SEDs of transitional disks
The mid-IR parts of the SEDs of group Ib Herbig Ae/Be stars show similar shapes (see Figure 1 ). All objects show an emission bump at ∼20 µm and PAH features. In HD 100453, a weak signature of the amorphous 10 and 20 µm silicate features can be seen ( Figure 2 ). All other sources show no sign of amorphous silicate features. In the next section we will characterise the dust Article number, page 3 of 14 A&A proofs: manuscript no. 2015-09-17_arxiv gaps in the disks of HD 100453 and HD 34282 and confirm that the shape of the silicate feature is connected to the presence of large dust gaps. The detailed shape of the SED is degenerate as it depends on parameters such as density structure and dust composition and grain size distribution. Though, the 'bump' in the the SED at MIR wavelengths for these objects is an indicator of large dust gaps in the disks of group Ib Herbig Ae/Be stars. Radiative transfer modeling of the Q-band is needed to constrain the radii of the inner edges of the outer disks of HD 100453 and HD 34282.
Modeling
In this section we introduce the radiative transfer code MCMax and the dust model. We discuss the modeling approach and outline the parameters that we study in this paper.
Radiative transfer code MCMax
For the modelling of the disks, we use MCMax dust modelling and radiative transfer tool ). MCMax performs radiative transfer using a Mont Carlo recipe outlined by Bjorkman & Wood (2001) . It solves the temperature structure and density structure assuming a 2-D geometry in radial and vertical directions. It is used for modelling of circumstellar material including high optical depth regions and axi-symmetry is assumed for the dust disk model. Our aim is to fit models to the observed Q-band images and SEDs of our sample stars to derive the disk structure. Therefore, we azimuthally average the Q-band brightness profiles and evaluate the radial extent of the disk emission. Generally, the input parameters of the code can be divided in five categories: the stellar parameter, the surface density setup, the opacity parameters and the parameters of the halo, inner disk and the outer disk. The inner wall of the outer disk is puffed up since the high vertical surface brightness causes the temperature in the wall to be higher. This effect is taken into account in the radiative transfer code, which solves for the temperature and denArticle number, page 4 of 14 sity in the disk and interpolates between the chosen grid points of the inner and outer disk. The most important disk parameters that we adjust to fit the model to the observations are: the inner and outer radius of the halo, the inner radius of the outer disk (wall radius), the outer radius of the disk, the mass of the dust in the disk and halo, the grain properties and the power law indices of the opacity profile. An extensive description of the modeling approach can be found in Maaskant et al. (2013) .
Dust model
The composition of the grains in the disk are 20 % carbon and 80 % silicates. The standard dust composition with reference to the optical constants, is 32% MgSiO 3 (Dorschner et al. 1995) , 34% Mg 2 SiO 4 (Henning & Stognienko 1996) , 12% MgFeSiO 4 (Dorschner et al. 1995) , 2% NaAlSi 2 O 6 (Mutschke et al. 1998 ), 20% C (Preibisch et al. 1993) . The shape of our particles is irregular and approximated using a distribution of hollow spheres (DHS, Min et al. 2005 ) using a vacuum fraction of 0.7. We performed some test modeling, changing the compositional (carbon and silicates) abundances. Although the SED may be sensitive to this parameter, the Radial Brightness Profiles (i.e. images) of these models give comparable dust gap sizes. As a result, the dust composition fractions does not play a role in the derivation of the dust gap size (See Appendix B).
Model procedure
To fit the SED as well as the Q-band size we follow the fitting procedure as outlined in Maaskant et al. (2013) . We summarize the procedure briefly here. As a first step, we start with a disk which has a continuous density profile. We assume that the disk is in hydrostatic equilibrium and that the radial dependence of the dust surface density drops off proportional to a powerlaw of −1. We fit the far-Infrared (FIR) to mm photometry to a grain size powerlaw index of p between 3.0 and 4.0. If this does not fit the Q-band size, than we insert a dust gap in the disk. We decrease the surface density in the dust gap by about 3 orders of magnitude. Recall, that previous studies by Maaskant et al. (2013) show that the observation require a contrast of 2 orders of magnitude. This will result in a "wall" structure at the inner edge of the outer disk. Now we choose the radius of the inner edge of the outer disk, so that the convolved model image fits the observed Q-band image size. Then, we tried to fit the emission in the NIR by including an optically thick inner disk. A hydrostatic inner disk does not give enough flux to fit the SED. We tried to fit the NIR flux by parameterizing and 'puffing up' the inner disk (i.e. increasing the vertical scale-height and testing several density slopes). We have modeled this scenario extensively and showed the SEDs of these models in Figures A1 in Appendix A. However, we consistently fail to get a good fit for the outer Article number, page 5 of 14 A&A proofs: manuscript no. 2015-09-17_arxiv disk because a higher inner disk casts a shadow on the outer disk and therefore reduces the flux at MIR and FIR wavelengths. A parameterized inner disk may fit the NIR flux, however it is inconsistent with an outer disk which is in hydrostatic equilibrium because the vertical scale height of the outer disk is not high enough to receive enough radiation from the central star. To solve for this problem we replace the inner disk with an optically thin inner spherical halo to fit the NIR flux. We recognize that the adopted geometry is a choice of con-venience and many spatial distributions will produce similar fits as long as the structure is optical thin. Conversely, as the dust structure in the inner region has to be optically thin, the particular choice has no influence on our derived quantities such as the size of the dust gap. As a final step, we choose the minimum size (between 0.1 µm and 1 µm) of the grains in the disk to fit the flux in the MIR and FIR to the SED.
Results
Our main focus is to demonstrate the existence of disk dust gaps. The second objective is to derive the location (i.e. size) of the gap. In this section we constrain the disk gap and fit the size of the extended emission in the resolved Q-band images. We present the best fitting radiative transfer models to the Q-band sizes and the SEDs of HD 100453 and HD 34282.
Constraining the dust gap size
It has been shown by Maaskant et al. (2013) that the disk parameter that is constrained by fitting the Q-band size is the inner radius of the outer disk (i.e. the location of the wall). In Appendix B, we perform a parameter exploration around the best-fit solution to study the effect on the SED of the inner and outer radii of the outer disk, the mass of the outer disk and the grain properties. We confirm that only the inner radius of the outer disk substantially effects the Q-band size. In the remainder of this section we fit the Q-band and SED of HD 100453 and HD 34282. Note that the 1 sigma error bars on the RBPs of Figures 3 and 4 are a representation of the asymmetry of the image. The actual fitting of the image has been done by a least square calculation to all the pixels, where the photometric error on each pixel is 10%.
We fit a Moffat function through the Q-band image of our model and make sure that the model FWHMs are consistent with the FWHMs of the observations. The typical errors of these fits are in the order of a few percent.
Best-fit model HD 100453
We first explore a continuous disk model (i.e. without a gap in the disk). This seems to fit the SED reasonably well, though it always fails to fit the size of the Q-band image (see Figure 3 top panels). We find that this is because for a continuous disk, the disk surface which is emitting in the Q-band is much closer to the star (i.e. 10 AU). Therefore, the model Q-band image is barely resolved with respect to the PSF. We can only fit the size of the Q-band by including a dust gap in the disk. The model that gives us the best-fitted SED and radial brightness profile (Figure 3-bottom) has a large dust gap in the disk. We find that the inner edge of the outer disk has a very high surface brightness and dominates the emission in the Q-band. For this reason, the Q-band size is very sensitive for the location of the inner edge of the outer disk. We constrain its location at 20 +3 −3 AU. The surface density of our the best fitting model is shown in Figure 6 . The inclination of HD 100453 is not known in the literature. This introduces the dominant uncertainty in the location of the inner edge of the outer disk. In our simulation we have assumed an inclination of 45 degrees. For a pole-on or (nearly) edge-on geometry, we find that the location of the wall must be respectively decreased or increased by 3 AU to fit the size of the Q-band again. As can be seen in Figure 3 -bottom, the convolved image that is modelled using these input parameters fits well with this observation. The average temperature of the inner edge (20 − 23 AU) of the outer disk is ∼ 160 ± 10 K.
In Figures 5, horizontal and vertical radial brightness profiles of the continuous disk (top) and transitional disk (bottom) models are compared to the observation. In the horizontal direction both convolved models, with and without gap equally agree with the observation. However, in the vertical direction, the convolved image of the transitional disk model provides a significantly better fit. One would expect for inclined transitional disks that the farther side is brighter as observed from Earth. The asymmetry is evidence that the disks are inclined, where we recognise that deriving an inclination angle will be hampered by the uncertainty in the vertical height of the disk and is beyond the scope of this paper. The transitional disk model slightly underestimates the left side of the RBP in the vertical direction. This asymmetry could be indicative of extra emission associated with additional structure in the disk that is not considered in the model. Further observations are required to clarify this issue.
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3.2×10 The structure of the inner disk is poorly constrained by our data. Therefore we have modelled the inner circumstellar region by spherical halos which are optically thin, but geometrically high. To fit the near-infrared (NIR) emission we adopt a halo from 0.1 to 1.7 AU with a mass of 0.15 × 10 −9 M . As there are many uncertainties in the structure of the inner disk (e.g. Dullemond & Monnier 2010), we only use the halo in our model in order to reproduce the amount of produced NIR emission from the disk. To account for the absence of silicate features at 10 and 20 µm, we assume a dust species in the halo which does not show any features. We adopt 100% amorphous carbon, but alternatively, larger silicate grains or metallic iron may yield similar results. Unfortunately no interferometric dataset exists yet for HD34282 and HD100453. In our modeling process we have tested the possibility of 100% carbon disks closer to the star. However, hydrostatic inner disk models (or even vertically puffed up by a factor of 2-3) do not fit the near-infrared SED. Actually our 'halo' solution drops the assumption of hydrostatic and is therefore similar to previous studies which have shown to fit the NIR part of the SED by including an optically thin inner disk (Verhoeff et al. 2011; Mulders et al. 2011; Maaskant et al. 2013) .
Clearly, the absence of small silicate grains in the inner region of protoplanetary disks is remarkable. Similar dust compositional solutions have been inferred for a number of other transitional disks (e.g. T Cha: Olofsson et al. 2013 , HD 135344 B: Carmona et al. 2014 ), this could be because close to the star, only refractory grains are present because small silicate grains have been sublimated. So not only the correlation with the presence of dust gaps, but also the assumption that there are no small silicate grains in the optically thin halo, causes the absence of silicate features in the SED.
The values of the best-fit parameters are listed in Table 4 and also compared with the values obtained for four other Herbig star by Maaskant et al. (2013) .
Best-fit model HD 34282
For the the Herbig star HD 34282, we follow the same procedure as HD 100453. We find that we can not find a fit to the SED and Q-band size by using a disk with a continuous density structure (Figure 4-top panels) .
To fit the SED and RBP, we adopt a dust gap in the disk. The best fit to the SED and RBP can be seen in Figure 4 -bottom panels. The location of the inner radius of the outer disk is conArticle number, page 7 of 14 A&A proofs: manuscript no. 2015-09-17_arxiv strained to 92 +31 −17 AU. Although the signal to noise of the Q-band observation is worse than that of HD 100453, the error is still dominated by the relatively large error in the uncertainty of the distance.
The RBPs in the horizontal and vertical directions of the continuous (top) and transitional (bottom) disk models are compared in Figure 7 . The scatter in the image for this target is high and therefore we have azimuthally averaged the RBPs in all directions to fit the best model (shown in Figure 4 ). It is still evident however, that the observation is resolved in the horizontal and vertical directions. Therefore, the model with gap agrees best to the observation compared to the model without gap.
The model of the disk includes a halo that is extended from 0.02 to 1.3 AU and has a mass of 2.4×10 −11 M . The dust grains in the halo are made of carbon and they have the size of 0.5 µm to 1 mm with a size distribution power law of -3.5. The mass of the outer disk is considered to be 0.83 × 10 −4 M . A model with an inner disk instead of halo does not fit well, since such solution does not provide enough flux to fit the NIR SED. However with the halo model the flux level can be increased sufficiently. The surface density of the best fitting model is shown in Figure 6 .
Alternatively we could also model a hydrostatic inner disk, though that model would require the outer disk to be puffed up out of hydrostatic equilibrium. We choose an optically thin but geometrically high solution for the inner region (Honda 2012) . However, if we drop the assumption of hydrostatic equilibrium and simply parameterize the entire disk, we can model an inner disk as well. A parameterized inner disk requires that the outer disk is also parameterized, because the vertical scale height of the inner and outer disk needs to be several times higher than prescribed by hydrostatic equilibrium to fit the SED. But we discard this model because we do not want to loose the assumption of hydrostatic equilibrium. A parameterized model would require a puffed up inner disk and wall. It should be mentioned that this discussion applies to both objects.
Upper limit on the dust mass in the gap
In agreement with previous studies (Maaskant et al. 2013 ), for our best fit to the SED and Q-band image, we have derived that the minimum difference in surface density between the dust gap and the outer disk is roughly three orders of magnitude. We examined the maximum dust mass distribution that can be hidden in the gap without influencing our results. We find that if we increase the dust mass in the gap above ∼ 10 −7 M for both sources, the observed size of the image in the Q-band cannot be reproduced anymore. We have chosen a constant density distribution as a function of radius for the dust in the gap to prevent the dust to become optically thick. This reflects the increased emission from the inner region. The surface density distribution is shown in Figure 6 . In addition -and actually the dominant effect -since the inner region becomes optically thick, the stellar photons do not reach the wall anymore and the height of the wall decreases. This also results in a decreased Q-band size. This effect is also quite obvious in the SED and for these gap masses the SED fits also deviate strongly from the observations in the Q-band region (see Figures C.1 and C.2 and appendix C). Future observations with ALMA should be able to observe the contrast between the dust gap surface density and the outer disk.
Source asymmetry
It is not our aim to fit the source asymmetry or the influence of the structure of the wall on the observation because the MIR observations do not have sufficient resolution to fit such substructures. In our model, a sharp vertical inner radius of the outer disk is assumed. This vertical assumption may not be completely realistic. We have tested this by varying the wall shape in MCMax and, at the resolution of our data, we see little variation in the Q-band images. We suggest that interferometric observations may be able to track the structure of the inner wall of the outer disk.
Summary
By using radiative transfer models, we have studied the Q-band sizes and SEDs of HD 100453 and HD 34282. We fail to find solutions with a continuous density structure. Thus we find that it is required to include large dust gaps in the disk to simultaneously fit the Q-band size and SED. The inner edge of the outer disks of HD 100453 and HD 34282 are respectively 20 
Discussion
For HD 100453 and HD 34282, radii of the inner edges of the outer disks have been derived from the best-fit models. These values are in the same range as the wall radii of disks around other group Ib Herbig stars. We now discuss the implications of these results.
Article number, page 8 of 14 S. Khalafinejad et al.: Large dust gaps in the transitional disks of HD 100453 and HD 34282 B Fig. 8 . The luminosities at 1.3 mm is compared to the flux ratio at 30.0 and 13.5 µm. The filled symbols indicate whether large dust gaps have been detected in the literature. The large dust gaps are deduced from both direct sub-millimetre imaging and indirect method of SED and mid-IR image fitting suggested in this paper. The L 1300 /L * can be used as a proxy of the disk mass. We confirm the connection between the dust gap size and its location, with the F 30 /F 13.5 ratio. The groups are divided by 2.1 < F 30 /F 13.5 < 5.1. All the objects in this diagram are taken from the sample of Maaskant et al. (2014). 6.1. New Meeus group classification based on the F 30 /F 13.5
continuum flux ratio
We compare the photometric properties of HD 100453 and HD 34282 to other Herbig stars. Figure 8 shows the colormagnitude and classification of a sample of Herbig stars. It shows luminosities at 1.3 mm compared to flux ratios at 30.0 and 13.5 µm for Herbig stars from the sample of Maaskant et al. (2014) . As disks lose their mass during their evolution, they move down in this diagram. This diagram seems to indicate that there is no trend between group I and group II disks with regard to the disk mass. Previous studies (Acke et al. 2009; Maaskant et al. 2013 Maaskant et al. , 2014 have indicated a strong correlation between the F 30 /F 13.5 continuum flux ratio and the group classification based on (Meeus et al. 2001) . The transitions between group Ia, Ib and group IIa may be more easily expressed by the the F 30 /F 13.5 ratios. For flat sources with amorphous silicate features (group IIa) that implies F 30 /F 13.5 2.1. For transitional/flaring objects with amorphous silicate features (group Ia) we find 2.1 < F 30 /F 13.5 < 5.1. The transitional/flaring objects which do not have silicate feature (group Ib) have F 30 /F 13.5 5.1. The Meeus groups are well separated by the new criteria based on the mid-infrared flux ratio 8.
6.2. Correlation between amorphous silicate emission, size of the dust gap and the F 30 /F 13.5 ratio
Transitional flaring disks which do show silicate emission are group Ia Herbig Ae/Be stars. The amorphous silicate features in these objects may originate in the inner edge of the outer disk. This may be the case for HD 100456 (e.g. Mulders et al. 2011 ) and HD 139614 (Matter et al. 2014) , two transitional objects with the inner edge of the outer disk at respectively 13 and 5.6 AU. Alternatively, the amorphous silicate feature may originate in the inner disk. Examples are HD 142527 (Verhoeff et al. 2011) , AB Aur (Honda et al. 2010 ) and HD 36112 (Isella et al. 2010) . Also in these objects large dust gaps of several tens of AUs have been found. The large dust gaps are deduced from both direct sub-millimetre imaging and indirect method of SED and mid-IR image fitting suggested in this paper. However, the inner disk may still contain a substantial amounts of small silicate grains producing the silicate features. The following objects are previously resolved using sub-mm imaging: HD 135344 B (Brown et al. 2009 ), HD 142527 (Fukagawa et al. 2006) and IRS 48 (van der Marel et al. 2013 ).
Group Ib Herbig Ae/Be stars do not show silicate emission features. As figure 8 shows, the weakness of silicate emission features is connected to the presence of large disk dust gaps in the critical temperature regime ( 160 K) responsible for emission of silicate features. HD 100453 has the smallest dust gap size in the sample of group Ib objects. Peculiarly, a closer look at the Spitzer/IRS spectrum of HD 100453 may show a tentative detection of very weak amorphous silicate features (Figure 2 ). Figure 8 shows that the F 30 /F 13.5 ratio of HD100453 is on the border of a group Ia identification. We suggest that this is connected to having smaller dust gap compared to the other disks and thus higher temperature in the inner region of the outer disk. Our radiative transfer model of HD 100453 shows that the average temperature of the inner region of the outer disk (between 20−23 AU) is ∼160 K. Because the inner edge of the outer disk is closer to the star, the temperature of the dust in the wall is higher than for HD 34282 and the other group Ib transitional disks studied in Maaskant et al. (2013) . We can compare the temperature in the wall of HD 100453 to that of HD 100546 and HD 97048. HD 100546 is one of the best studied transitional disks which does show strong amorphous silicate features. Radiative transfer models presented in Mulders et al. (2011) show that the inner edge of the outer disk of HD 100546 is located at ∼13 AU and has a temperature of ∼200 K. For HD 97048, the typical temperature in the inner region of the outer disk (34 − 37 AU) is ∼110 K (Maaskant et al. 2013) . HD 97048 does not show any sign of amorphous silicate emission. From this comparison, we infer that the temperature transition from ∼160 K to ∼200 K in the inner edge of the outer disk is critical for the strong enhancement of the amorphous silicate features originating in the wall. Possibly this is connected to the fact that grains of 160 K are icy and therefore grow to larger typical sizes (e.g. Sirono 2011; Okuzumi et al. 2012) . Models predict that across the snow-line, the cycle of sublimation and condensation will allow efficient growth and trapping (e.g. Ros & Johansen 2013). The slow sublimation of ice in icy aggregates at ∼ 160 K, which are radially drifting inward in the disk, will lead to the formation of "pure" silicate aggregates which are thus more fragile and can readily fragment upon collision. In this scenario, an enhanced abundance of small fragmented silicate grains at temperatures of 160 K, may contribute significantly to the amorphous silicate features. The role of this particular snowline in the evolution of solids may be further investigated by direct observations of the snowline such as for HD16296 (Mathews et al. 2013 ) and TW Hya (Qi et al. 2013 ).
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A key question in the study of protoplanetary disks is to determine the evolutionary link between dust gaps formation (group I) and grain growth and settling (group II). Disk dust gaps are found in an increasing number of group I Herbig stars and there is yet no evidence of large dust gaps in group II Herbig stars (Maaskant et al. 2013) . Therefore, we speculate that it is very unlikely that group I evolves to group II. There are now two possible evolutionary scenario's to understand the link between group I and II. First, as proposed by Maaskant et al. (2013) , both groups may have evolved from a common ancestor (i.e., gapless flaringdisk structure). In transitional group I objects, dust gap formation has preceded the collapse of the outer disk while grain growth and dust settling have flattened the outer disk in flat group II objects. Secondly, group II objects may be the precursors of group I objects. In that case, possibly planet formation is followed by the formation of a large dust gap that may produce a high vertical wall and stir up the dust in the outer disk. In order to distinguish the proposed observational scenarios, future observational at scattered light wavelengths up to the (sub-)mm are required to search for dust depletion and the interaction with gas flows through the gap. If, for example, circumplanetary-disks around newly forming planets will be found than this enable us to understand the link between planet formation and proto-planetary disk evolution. Another step forward in distinguishing between these evolutionary scenarios may be expected from observations of the outer disks of group II objects. Yet so far, their structure is completely unknown as no observation has been sensitive to detect the outer disks and characterise their typical radial size. If these disks are radially small ( 10 AU) but very dense and optically thick, than these objects must have had a different evolution as compared to radially large group I objects. However, if these objects are radially large as well, then they may still be precursors to group I objects. ALMA is needed to understand if these objects are 'small and fat' or 'large and flat.'
Conclusions
We have used spatially resolved MIR observations and radiative transfer models. We fit the spectral energy distribution and the radial brightness profile of the Q-band images of the disks around two Herbig Ae/Be type Ib stars, HD 100453 and HD 34282. This work is compared to the results of Maaskant et al. (2013) , where a similar analysis of four other Herbig stars, HD 97047, HD 169142, HD 135344 B and Oph IRS 48, is presented.
-We were not able to fit the spatially resolved Q-band imaging and SEDs considering a continuous disk (i.e. no gap). In contrast with a transitional disk consisting of a halo around the star, a dust gap and an hydrostatic outer disk, we successfully fit all the observations. -Radiative transfer modelling constrains the inner radius of the outer disk at 20
+3
−3 AU for HD 100453 and 92
+31
−17 AU for HD 34282. This result provides further evidence that group Ib Herbig Ae/Be might have dust gap. Therefore, it supports the conclusion by Maaskant et al. (2013) that group Ib Herbig Ae/Be stars are transitional disks with large dust gaps.
-The upper limit for the mass of the dust in the gap is roughly estimated to be 10 −7 M for both HD 34282 and HD 100453. -The outer disk mass, surface density power law, and the opacity profile do not affect the Q-band size.
-We find no correlation between the halo masses, the disk masses and the sizes of the dust gaps in studied Herbig Ae/Be stars. -The absence of the amorphous silicate emission in the spectra of these disks is consistent with the conclusions of Maaskant et al. (2013) that dust gaps in a critical temperature regime between ∼ 200 − 500 K cause the silicate feature to disappear. In addition, grains are typically large in the outer disk. -The temperature transition from ∼160 K to ∼200 K in the inner edge of the outer disk is critical for the strong enhancement of the amorphous silicate features originating in the wall
